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afﬁnity-puriﬁcation of epitope-tagged Sox2 from ES cells. For this
purpose, we have made ES cell clones that stably express Sox2
containing a combined biotinylation tag and a FLAG tag. Tagged Sox2
was puriﬁed from ES cell nuclear extracts with either anti-FLAG
antibody beads or with streptavidin magnetic beads and its interact-
ing proteins analyzed by mass spectrometry. Comparison between
Sox2 pull-downs and pull-downs from control extracts, by mass
spectrometry, suggests various ES cell self-renewal factors, lineage-
speciﬁc transcriptions factors and a transport factor as putative Sox2-
interacting proteins. We are currently studying the speciﬁc transport
factor for Sox family proteins using import assays.
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The neural crest (NC) is a heterogeneous pool of multipotent cells
that gives rise to diverse derivatives including bones and cartilage of
the face, smooth muscle of the cardiac outﬂow tract, and neurons and
glia of the peripheral nervous system. The forkhead/winged-helix
transcription factor Foxd3 regulates self-renewal and differentiation
in both embryonic stem cells (ES cells) and trophoblast stem cells and
is one of the earliest markers of the NC. Targeted NC-speciﬁc
inactivation of Foxd3 inmice results in severe defects in NC derivatives
including craniofacial defects, pharyngeal arch defects, and complete
loss of the peripheral nervous system. Foxd3 mutant embryos show
increased cell death throughout the dorsal neural tube, consistent
with loss of NC progenitors. Lineage labeling analysis of Foxd3mutant
embryos demonstrates that vagal NC progenitors fail to migrate into
the foregut, and the amount of NC is greatly reduced in the outﬂow
tract of the heart. Surprisingly, this reduced amount of cardiac NC is
able to mediate outﬂow tract septation and pharyngeal arch
remodeling. These data suggest there are intrinsic differences
between NC progenitor cell populations with respect to loss of
Foxd3. In vitro analysis of differentiation in clonally derived mutant
NC indicates a loss of multipotency and self-renewal of NC
progenitors. These results demonstrate a global role for Foxd3 in NC
maintenance along the anterior–posterior axis, and establish the
requirement of Foxd3 in multipotent NC stem cell subpopulations.
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Ephrin-B plays an important role in regulating neural progenitor
self-renewal in the developing and adult brains. As onemechanism for
this function, an RGS domain containing protein PDZ-RGS3 mediates
the downstream signaling of ephrin-B and inhibits the Gα subunit
signaling, thereby promoting the maintenance of neural progenitor
cell state. Two recent studies have reported the proteolysis of ephrin-B
into an intracellular carboxyl-terminal fragment, raising a possibility
of a direct nuclear mechanism for ephrin-B function as documented in
the Notch signaling pathway. Here we show that homeodomain
protein ZHX2 selectively co-expresses with ephrin-B1 in neural
progenitor cells of the developing cerebral cortex and recruits the
cytoplasmic domain of ephrin-B1 into the nucleus. Binding of ephrin-
B1 makes ZHX2 a stronger repressor of transcription. In the cerebral
cortex, converting ZHX2 into a constitutive transcriptional activator
causes differentiation of cortical neural progenitors, while co-expres-
sion of ZHX2 and ephrin-B1 cytoplasmic domain prevents differentia-
tion. This study reveals a novel nuclear function of ephrin-B and
identiﬁes ZHX2 as a cooperative nuclear factor with ephrin-B in the
maintenance of neural progenitor cells.
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In mammals, CNS regenerates spontaneously in certain regions,
as olfactory bulb (OB) mainly due to the presence of a type of
macroglia that promotes growth; aldynoglia. The prototype of this
glia is the ensheating cells (EC) which functional expression proﬁle
are not yet fully understood. EC can be continuously generated
from local precursor cells within the OB. Multipotent neural
precursors (MNP) have been isolated from the embryonic and
adult brain, maintained in culture and they are capable of
proliferating and differentiating. To compare the expression proﬁle
among EC and MNP, we hybridized 5K microarrays and analyze it
by Genarise software. Genes highly expressed by the EC when
compared to the MNP were mainly expressed in glial cells and in
CNS, and eight of them were expressed in the OB in vivo, indicating
that the gene expression proﬁle obtained here for the EC,
corresponds well with their phenotype. RT-PCR conﬁrms that
S100a6, Mtmr2 and Col5a, were highly expressed by EC. The
expression proﬁles support a closer relationship of EC to Schwann
cells and astrocytes than to oligodendrocytes. In addition, we found
that 58 genes were strongly expressed in MNP. By grouped analysis
they correspond to an undifferentiated cell proﬁle, with several
genes previously shown to be expressed by stem cells, which
validate the expression proﬁle. Pou3f3 and Ckb, were more strongly
expressed in MNP than in EC. The results of these analyses
increased the number of characteristic genes of these two
particular cell phenotypes.
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